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AN ANATIYSIS OF THE TRANSONIC AND SUPERSONIC PERFORMANCE
OF SEVERAL FIXED-GEOMETRY ATR INLETS
By Robert E. Pendley and Robert R. Howell

SIMMARY

An analysis of the maximm power thrust-minus-drag performance of
several turbojet~engine air~inlet cambinations wes made for a wide range
of flight conditions. The principal cobjective of the enalysls was to
study by use of experimentally determined drag and total-pressure-recovery
characterlstics, the range of setlsfactory performance of each of several
fixed-geometry inlet configurations. Considerations were glven to dif-
ferences of alr-flow requirements of various engines. Altitudes ranging
from sea level to 35,000 feet and ebove and flight speeds extending from
Mach nunber of O to 2,0 were treated in addition to effects of nonstand-
erd etmospheric temperature. Inlet typee comsidered were the open-nose
norme.l-shock inlet, the wing-root inlet, and the conical-shock inlet.

The results of the analysils showed that, with proper selection of
the entrance area, very good performence can be expected of these con-
stent geametry air Inlets over s wide range of flight conditioms. The
extent to which the performence approeches that potentially aveilable
with optimm inlet size throughout the Mach mumber range is shown to be
dependent upon the rate at which ‘the engine eir flow rises with Mach
muber and upon the effects of Mach munber on the inlet spillage drag
variation with mass-flow ratio. It i1s Purther shown ‘that an engine of
constent corrected welght flow of air tends favorebly to meintein a
constent inlet-mass-flow ratio at nearly optimm performence bubt an
engine of relatively low rate of air-~flow increase with Mach mmber
forces reduced-mass-flow operation upon the inlet as the flight speed
is increased; thus, the appearance of performence losses arieing from
Inlet splllage drag resulbs,

Other calculations indicated that the choice of inlet design should
favor those of lower minimm drag even though there is associated a
greeter increase in drag wlth reduction in mess-flow ratio. An enslysis
of the effects of anmblent temperature on en engine of low rate of air-
flow increase with Mach nmumber showed that these effects were as
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important to the performance of the Inlets as those arising from the
engine and inlet characterilstics.

INTRODUCTION

Normsl-shock fixed-gecmetry-~type Inlets have been developed which
provide satisfactory performance for turbojet-powered alrcraft flying
at speeds up to Mach numbers of the order of 1.1. As the flight speed
of the aircraft is Increased beyond the low supersonic level, the maxi-
mum £flow rate permitted by the inlet and the flow rate required by the
engine diverge and cause the inlet to spill the excess mass of alr
resulting in spillage drag. In addition, losses In total-pressure recov-
ery increase with Mach number due to the increase 1n shock loss. The
resulting losses in performance have been studied in a number of analy=~
ses such as that reported in reference 1., In same such analyses, full
theoretical sdditive drag has been assumed for the splllage drag. In
the case of round-lip alr inlets, this assumption has been shown by
experimental Investigations to be invalid. For such inlets, the actual
measured splllage drag is Iin most cases substantlally less than the
additive drag; hence, the previous performence snalyses have overestl-
mated performance losses. In view of the welght and mechanlical complex-
1ty of any varisble-geometry-inlet systems which might be proposed to
slleviate these performance losses, it appears worthwhile to reexamine
several of the fixed-geometry-inlet systems by using for the performance
calculations experimentally determined drag and totel pressure-recovery
characteristics,

An englyslis has, therefare, been made of the influence of several
factors on the magnitude of the deviation of the maximm power perform-
ance of several fixed-geametry Iinlets from ideal values. The factors
treated were type of inlet, englne-alr-flow characteristics, flight
altitude, speed, and atmospheric temperature. Inlet types considered
were the normal-shock open-nose inlet, the wing-root Inlet, and conical-
shock inlet, each of which had had its drag and total-pressure-recovery
characteristics determined experimentally. These experimentally deter-
mined characteristics were used in calculating the performance varilations.

SYMBOLS
A duct or stream tube cross-sectlonal area
D
GDe external drag coefficlent based on frontal area, é
L

TAN e
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C'y external drag coefflclent based on wing area, De_
e 98
De external drag (additive drag plus pressure and friction drag
on externsl surface)
Fn engine net thrust, m(VJ - Vo) - (PJ + PO)AJ
Fnp - Dg

performance ratio, the ratlo of engine net thrust less
(Fy - Dej external drag for a fixed-geometry inlet to thrust minus
max draeg attalnable with inlet of optimm size

H total pressure

h altitude

M Mach number

m inlet or englne mass-flow rate

mg . mass flow of air through area equal to inlet area, for sonle
ocne~dimensional flow with total pressure less than free
gtream by amount of normal shock loss

m, mess flow of alr at free-stream conditioms through area equal
to area enclosed by inlet 1ip (capture ares)

P statlc pressure

Py atmospheric pressure, WACA standard atmosphere

T total temperature

Tata ambient temperature, NACA standard atmosphere

W engine-glir-wéight flow rate

veloclty
P density
(3] pressure ratio,

(PA) g1,
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T
e temperature ratio, m—t%-sz
Subscripts:
o free stream
1 minimum duct area at inlet
2 engine compressor inlet
100 free-atream total pressure at compressor inlet
J engine exit nozzle station
max meximum
8L sea level
r

rated (sea-level static conditions with no total-pressure
deficit at compressor inlet)

METHOD OF ANALYSIS

General Approeaech

The general aspproach used in the analysis consisted of fixing the
inlet area at & value which would induct the full engine air-flow
requirement at My = 0.9 and at en altitude of 35,000 feet in an NACA
standerd atmosphere. The inlet size was then held constant gt this
value and the maximm-power thrust-minus-drag performance of the engine-
inlet system was then compared over a broad range of flight conditions
with the maximm avallable upon use of the optimm inlet slze, The
analysls thus required the calculation of the performance of the inlet
with various inlet entrance-duct areas. Since the maximm outer dimen-
sion of the body housing the engine 1s normally fixed by other than
inlet conslderatioms, the Inlet-area varistiomns result in variations of
the external and Internal lines from the Inlet lip rearward. An exact
anelysis would thus require drag and pressure~recovery data for a very
large number of internal and external shapes which, of course, are not
avallable. Fortunately, however, the exbent of the inlet-area variation
included In the analysis was nob so great as to Involve large changes in
the inlet diameter (or 1lip height and width) relative to the distance
between the inlet 1lip and that polnt downstream which 1is unaffected by
changes in inlet size. The drag data of reference 2 indicate that, when
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the larger velues of inlet-lip fineness ratio (corresponding to low drag)
are considered, only small changes in external drsg are to be expected
with substantlial changes in inlet size for a fixed inlet length. Refer-
ence 3 similarly Indicates a negligible effect on the pressure recovery
mey be expected of the internal geometry changes involved in the ansly-
sis. For each type of inlet considered, drag and pressure-recovery data
for en inlet of fixed specific proportions was necessarlily used but, for
the reasons indicated sbove, thelr use in the analysis 1s considered
accepteble.

Beslc Data

Experimentel drag dete for the conflgurations shown in figure 1L
(refs. It to 6) were supplemented in the calculations by splllage dreg
data from referencee 3 and 7. The farebody of Inlet I wvas an RACA
1-49-300 nose inlet, and inlet V was identical with inlet I forward of
e statlon just downstream of the inlet lip; downstream from this statlion,
a conical profile of 4.4° half-angle replaced the fuller l-series profile.
The central body of the conical-shock inlet had & 25° half-angle and the
1ip position perameter was L6°. Since transonic end supersonic inlet
data have been obtained almost excluslively for research configurations,
an exact eanalysis of the performance of the internsl-flow system as
installed in a camplete aircreft is not possible., The dreg coefficients
used in this analysis are those as measured for the research configura-
tions. Although the method of presentation and camparison of the results
was selected so a&s to tend to clrcumvent this limitetion, this fact
should be remembered in Interpreting the quantitative slgnificesnce of
the results.

The engine thrust characteristics used in the analysis are shown
in figure 2. The assumed sea-level rated thrust without afterburner was
8,700 pounds at & rated air flow of 15.8 pounds per second per square
foot of fromtal sres. These curves were sssumed as the thrust varla-
tion of engines of differing ailr-flow characteristics to be discussed
below. Disregarding in this manner such assoclation as exlsts between
alr-flow and thrust variation with flight speed is considered. scceptable
for the purpose of thls analysis because of the ratio form of thrust-
minmus-drsg calculation.

The marmer in which the engine alr f£flow rises wilth flight Mach num-
ber is of primary importance in esteblishing the performence of a fixed-
geametry system. Substantial differences exist in this characteristic
anong various engines, as 1s illustrebed by the curves for three 4if-
Perent engines (engines 1, 2, and 3) in figure 3. An engine of comstant

corrected welght flow k@ would have an alr-flow curve (designated as
8//8) which rises more rapidly with Mach mmber than that of any of the

COEpE—
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three conventional englines shown. The curves for the constant corrected
welght-flow englne and for engine 3 are assumed for the present analysls
to represent limits between which most turbojet engine charascteristiecs
willl faell and the air-flow characteristlics of these two engines were
therefore used in the analysis.

As is shown in figure 4, spillage drag characteristics vary widely
for different Inlets. Except for the test point at the highest Mach
nurber of the sweptback-wing—root-inlet test, the theoretical spillage
drag curve from reference 8 indicates rather well the trends of spillage
drag with Mach number. In all cases, the external drag coefficlent 1s
based on the same ares relstlve to the inlet area. Although inlets I
and V had ldentical 1lip shapes, the drag-curve slopes were substentially
different at transonic and supersonic speeds. The curves falred arbi-
trarily through the test points for the round-lip nose inlets were used
In the analysls and are thought to represent possible extremes of drag-
curve slopes for such inlets. The additive-drag-curve slope was used in
addition to the experimental drag-curve slope In a portion of the analy-
sls to show the effect of maximum spillage drag on performence.

Drag and pressure-recovery charscteristlics used in the calculations
for the open-nose inlets I and V appeer in figures 5 to T. The dreg
curves for m/my = 1.0 (fig. 5) were cbtained in free-flight measurements
on fin-stabllized research bodles and for the drag curves agalinst mass-
flow ratio (fig. 6) were constructed from those of figures 4k and 5.
Inasmuch as the geometric proportions, afterbodies, and fins were ldentl-
cal for Inlets I, V, and the conical shock inlet (fig. l), e direct com-
parlison of external drag can be made. Data cbtained in the tests
reported in references 3 and 9 were used In preparing the normsl-shock
nose-inlet preasure-recovery data (fig. 7). It is assumed in the analy-
sils that the pressure-recovery characteristics are independent of
external shape.

Data obtained with the wing-root inlet configuration of reference 5
and hitherto unpublished were used in the analysis and are presented in
Pigure 8. In the preparation of the conical-shock inlet curves of fig-
ure 9, external drag values at maxlimm mass-flow ratlos were cbteined
fram reference 6 ; Splllege dreg data from reference 7, and pressure-~
recovery date from reference 10.

Procedure

When referenced to a speclfic engine, a given area of the inlet
will correspond to a mess-flow ratlo at which the inlet will deliver a
certain pressure recovery to the engline and a certaln drag contributlion
to the external flow. The engine thrust minus the external drag can
thus be calculated as a functlon of mass-flow ratio and typlcal results
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of such a cglculatlion are glven for the nose Inlets I and V In figure 10.
As the flight speed 1s Increased beyond Mach number 1.0, the external-
drag-curve slope increases, and the peak performance of the system tends
to occur at mess-flow ratlos near, but somewhat less than, the choking
values.

After the calculatlion of the curves 1llustrated in figure 10, =
first trial selectlon of the Inlet areas wes made., 8Since operation of
the inlets in the overslzed condition was antlicipated at the higher
flight speeds, the areas were chosen to correspond to m/mg = 0.94% at
Mg - 0.9; this condition was deemed s close an approach to choking
conditions as would be desireble (see fig. T). At other Mach mmbers
the inlet operates at mass-flow ratlios which are determined by the
engine air-flow charscteristics. The matched mass-flow ratio at each
Mach number was determined from the intersectlon of two curves of mass
flow ageinst mess-flow ratio; one of the curves represents the allow-
sble mass flow through the inlet, (m = (m/mg)pgVghy), and the other

curve represente the mess requlred by the englne for the total-pressure
conditions at the compressor inlet, (m. = HE/Eo(mlOO))' The resulting

mass-flow ratlio schedules for engines 5/\/'5 and 3 operating with the
pressure~-recovery characterlstices of fligure T are shown in figure 11l.
S8ince the mass-flow ratios lmposed by the englnes are thus known, per-

Fn - Do
(Fn - e)max
from the curves of figure 10 end are Indicated on these curves by ticks
at the appropriate mass-flow ratlios. After an examinstion of the per-

formance with the first triel Inlet size, lmproved compromises were
achleved, as will be discussed later wlth other cholces of inlet ares,

formence ratlos

of the matched systems may then be read

DISCUSSION OF RESULTS

Performance at 35,000 Feet

The performance in an FACA stendard atmosphere of the fixed-geometry
systems treated are presented in figures 12 and 13 1n terms of the optl-
mm thrust minus drag available to the particular inlets consldered at
each Mach mmber. As stated in the previous sectlon, a first trial inlet
area was calculated for each inlet-engine combination to correspond to

m/m, = 0.9% &t My = 0.9, the resulte of which are indicated in fig-
ures 12 and 13 (together with those for other sized inlets in figure 12).
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For all inlets, (fige. 12 and 13) the 8//8 engine tended to keep the
inlet mass flow at an epproximately constant fraction of the maximmm
possible (figs. 11 and 13), and the thrust-minus-drag ratios for inlets
conibined with this engine dld not vary greatly with Mach number. All
design mass=flow ratios and corresponding Inlet areas comsidered are
tebulated in tsble I.

The eir-flow characteristics of engine 3 were such as to impose a
cantinuously diminishing mass-flow ratio on the systems as the Mach
number was increased. The performance curves thus became Influenced by
inlet eplllage drag and pressure-recovery varlation with mass-flow ratlo.
Inlet I, which had the least drag-curve slope, performed well throughout
the Mach number range in epite of the low mass-flow ratio lmposed by
engine 3 at higher Mach nunbers. Even with the relatively high drag
curve slope of inlet V, the performence deficit was only 6 percent at
the highest Mach number when combined with this engine; 1t is thus indi-
cated that excessive performance losses need not be expected of fixed-
geometry normal-shock nose inlets at Mach numbers up to 1.5 when subject
o engine alr-flow characteristies varying between those of the two
englnes consldered. )

An examination of figwre 10 willl disclose that a wvalue of deslgn
mass-flow ratio for inlet I with the 8//8 engine lower than the value
of 0.94 picked initially would have constituted a more favorable selec-
tion. B8izing the inlet in this case for a design mass-flow ratio of 0,90
at Mg = 0.9 resulted in optimum or very close to optimm performance
over the entire Mach mmber range (fig. 12(a)). A substantially better
cholce of area was mede for the wing-root inlet also; the performance
was optimm or within 1/2 percent of optimum at all Mach numbers treated
with an inlet of design mass-flow ratio 0.80 (fig. 12(c)).

The initial cholce of design mass ratlo proved to be reasonsbly
satlisfactory for the wing-root Inlet with engine 3, Calculatlons were
made for an increased area of this Iinlet (des-ign mass flow ratioc 0.84)
with the purpose of cbtelning improved performance at the design speed.
The results show that the improvement. attalned was made at a great
sacrifice in performence at the higher speeds, where the lowered mass-
flow ratlos imposed by englne 3 caused losses In the form of splilage
drag and even more important losses in thrust because of the reduced
total=pressure recovery. The latter difficulty arlses from the charac-
teristic tendency of the fuselage side alr Inlet toward lowered pressure
recoverles at reduced mass-flow ratlos because of losses due to entraln-

ment of the fuselage bowmdary layer.

The effect of the air-flow characteristlics of engine 3 on the conl-
cal shock inlet was to force such a low-mass-~flow-ratlo condition on the
system at the higher speeds as to result in intolerable performance los-
ses and probably Internal flow instability (fig. 13). As has been
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indicated in a number of previocus other works, the necesslty of some
Porm of inlet ares conbtrol ls clear for engines of such alr-flow charac-
teristics at Mach number of 1.5 and sbove.

Inlet Design Considerations

The foregoing analysie indicates the extent to which a fixed-
geometry inlet of a particular deslgn can approach the maximum perform-
ance avallable to that same type of inlet configuration with the entrance
area adjusted to the optimm velue., When the design of a complete air-
craft configuration is under anslysls, and the inlet design haes been
esteblished in general farm, the externsl lines of the internal-flow
system can be efficiently combined with those of the other alrcraft
camponents in such a mammer as to arrive at a cross-sectional area dls-
tribution like thet of a low-drag body of revolubtion (ref. 11). The
dreg of the airplane 1s thus controlled largely by the smoothness and
equivalent fineness ratio of the cross-sectional area dlagram of the
entire configuration rather than by summation of the drag contribution
of isoleted components such as alr inlets. Upon attelning a satilsfactory
overall area disgram, the designer's interest in the lsolsted drag con-
$ribution of the air inlets will be of a secondary neture. If the per-
formance of 8 fixed-geometry Inlet system 1s then eppraised, the propul-

Fo - De
tFn - De)max

under considerstion will indicete clearly the worth of each Inlet slze
considered.

silve thrust ratio as calculated for the conflguratlion

In those cases where it 1s deslred to appralse the performasnce of

Fn, =D
isolated ducted bodies, the quantity .(..F._n_n.i_, vhich, as stated
n < e
max

before, expresses the proximity of the performance of a particular system
to its peak performence, indicetes only the inlet slze requlred for the
best campromlsed performance. Although an inlet may be shown to operate
favorebly close to its optimm performance in this mammer, the designer
muet further consider whether the optimum performance 1tself is good and,
in cases where a choice in inlet type 1s avallable, must compere the
performence of the different designs consldered in an absolute sense.

In figure 12, for example, it was shown that the low drag-curve
slope of inlet I permitted the system to operate more closely to optimm
conditions than did inlet V. Although the drag-curve slope of Inlet V
is the less favoreble, 1t is known that, gbove a Mach nunmber of approxi-
mately 1.1, 1ts dreg et maximum mass-flow ratios is lower than that of
inlet I (fig. 5). Under the reduced-mass~flow-retio conditions
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assoclated with supersonic operation of the Inlets as designed for

M = 0.9, the question as to whether the splllage drag of inlet V will
be &8 large as to result In supersonic thrust minus drag performance
Inferior to that of inlet I must be considered. The propulsive thrust
was therefore calculated as a fraction of engine ldeal thrust in fig-
ure 14 for inlets I end V. Figure JJ+(a.) was calculated for the engine
of constent corrected mass flow and since the mass~flow ratlios for this
englne remain &% a high, nearly constant value, splllage drag does not
enter materially In the performance, which, therefore, reflects the drag
advantages of 1nlet V at high mass-flow ratlios.

The reduced-mass-flow ratios lmposed at supersonic Mach mumbers by
engine 3 result in greater splllage drag for inlet V, but figure (Dp)
shows nevertheless that the initlal drag advantage of inlet V at high-
meas~-flow ratios 1s sufficliently great to result in higher values of
propulsive thrust at supersonic Mach mumbers. Hence, 1t 1s indicated
that, for the range of engine alr flow and free-stream Mach numbers
considered, it would be desirable to favor a low minimum dreg inlet
configuration rather than one with a low drag-curve slope., This is
thought to be generally true since the crossover point of the curves for
dreg agalnst mass-flow ratlo for the verious open-nose inlets of refer-
ence 4 occurs outside the most efficient inlet-engine operating range of
the present anelysis. It appears, therefore, that a cholce of open-nose
inlet design, subject only to aerodymamic evaluation, should probebly
depend primarily on the miniImm drag characteristics of the inlet body
and not on the drag-curve slope. A method for obteining practical
minimm-drag nose-inlet bodles 1s presented in reference 12.

Speed Range of Ifficlent Normal-Shock Inlet Performance

The wmiformity of the fins and afterbodles of the inlet configura-
tions of references L and 6 makes possible a performance comparison
which indicates the Mach number region in which the normal-shock inlet
must be gbandoned in favor of the higher pressure recoveries cbtainable
with the use of externmasl supersonic compression. Calculations for the
engine of constant corrected weight flow were made with this purpose in
mind, and the results are shown In figure 15. Experimental data for
normal-shock inlets at Mach numbers In excess of 1.5 are unavailsble,
The drag at these higher Mach numbers was therefore estimated as indi-
ceted by the dashed portion of the curve for inlet V (fig. 5) and the
pressure recovery was estimated by reducing the My = 1.0 curve (fig. 7)
by the eppropriate normal-shock total-pressure loss,

The usefulness of the normal-shock inlet gppears to terminaste at
flight speeds between Mg = 1.5 and Mg = 1.6. At higher speeds, the
pressure-recovery Iinferiority of the normal-shock inlet results in a
continuously Increasing loss in performance relative to that of the
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conical-shock Inlet. At lower speeds, the performance of the normali-
shock inlet is probebly unexcelled.

Effect of Altitude on Performance of the Fixed-Geometry 'System

Except for the effects of Reynolds number, the corrected’ welght flow
of elr to a turbojet engine at a glven Mach mumber and revolutlon per
minute 1s Independent of eltltude above approximately 35,000 feet. The
system-mass~flow-ratlio varletion with Mach number wilil, therefore,
remein constant and performence curvee of figures 12 and 13 will hold
at altitudes above 35,000 feet. The Inlets as designed for M, = 0.9,

m/mg = 0.9%, and en altitude of 35,000 feet would be forced by the

englne alr flow to operate at the followlng mass-flow ratlos at the sea-
level statlc condition 1f there were no tobel-pressure deficit at the
campressor Inlet:

Tnlet Engine Ay D00
ms

IeandV 3 3.2 0.857
IeandV 8/Ve 3.0k .966
Wing root 3 3.34 .882
Wing root 8/ve 2,96 .998
Conical shock 3 3.38 .868
Conical shock 8/ @ 3.01 976

Actually, of course, total-pressure losses willl appear at the compressor
inlet and the actusl mass-flow ratios st statlic sea-level conditions will
be Pavorebly less than these tebulated values belng reduced in direct
proportion to the total pressure st the compressor inlet. The air-flow
demands on gll inlets consldered above wlll, therefore, be less than the
amount which the inlet could deliver with lsentroplic flow and Mach num-
ber wmity et the Inlet minimm area. The actual choking mans-flow ratio
of en Inlet at statlic conditions is a sensitlive funetlion of the Inlet lip
design (see refs. 13 and 14); and the duct surface immediately adjacent.
Among the inlets consldered, the conical-shock inlet 1s the most vulner-
gble to choking and large tobtal-pressure losses at the static condltion
because of 1ts ‘sharp lip.

At & Mach mmber of 0.9 at sea level, which represents entry of the

climb condition, Inlet-engine combinations which showed good performance
in figure 12 also willl ogperate at satlsfactory mass-flow ratlos:
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F. -D
Inlet Engine .5 —_—t & _
g (Fn = De)m
IandV 3 0.68 1.00
IandV 8//8 <94 .98
Wing root 3 .68 1.00
Wing root 8//®@ .82 .99

The propulsive thrust ratio was not evaluated for the conical~shock inlet
for the lack of drag and pressure~recovery deabe, but operation at satis-
factory mass-flow ratios may be expected because of the similarity of its
inlet area end that of the nose Inlets.

One may infer from the foregoing calculstions that the method used
to select the Inlet area In this anslysis will provide a fixed-geometry
inlet of satlisfactory performance at sea~level take-off and climb condi-
tions and at high-speed comditions at and ebove 35,000 feet, except in
those cases where engines of reletively low ailr-flow increase with Mach
mumber are to be operated at flight Mach mmbers above 1.5.

Effect of Nonstandard Air on the Performence

of a Fixed-Geometry System

The analysis has so far treated the case of englne-inlet performance
in the NACA standard atmosphere. The engine alr-flow characteristics are
meterially affected by the atmospheric temperature, however, and the per-
formance on & hot (standard temperature+iO® F) end & cold (standard tem-
perature -40° F) day was therefore calculated for the inlets as designed
for Mg = 0.9 at 35,000 feet in a stendard atmosphere. (Note that the
effect of amblent temperature on the absolubte performence does not appear
in these calculations.) As shown in figure 16, engine 3 requires higher
mass-flow ratios on the cold dasy and lower mass~flow ratios on the hot
day. For any specified Mach mumber, the mass-flow ratio of the inlet with
the englne of constant weight flow 18/\/5) will remein independent of alti-
tude and atmospheric temperature, if the effects on the diffuser pressure
recovery of the concomitent variation in Reynolds number are neglected.

Standard-atmosphere performence curves of figure 12 are reproduced
in figure 17 for comparison with the points calculated for the hot and
cold day. The propulsive thrust ratios for the nonstendard conditions
express the propulsive thrust realized under these conditions as a frac-
tlon of the propulsive thrust possible with the optimum inlet size under
those same conditions. The points were calculated for flight at true
alrspeeds corresponding to M = 0.9, 1.2, and 1.5 in the standard atmos-
phere. The temperature effecte on the fraction of the performence
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potential reallzed 1s greater than the effects originating in the charac-
teristics of the engine alr flow. The mass-flow ratios on the ecold dey
are so high as to be marginal with respect to choking (fig. 16) at the
lower Mach numbers and the performance 1ls reduced there because of
reduced pressure recovery. Performance geins result at the higher Mach
numbers where the incressed mass-flow ratio reduces the spillege drag.
Converse effects were cbtalned for the hot day; that 1s, performance
losses due to splllage drag ere Increased at the higher Mach numbers and
at the lower Mech numbers the drag-curve slopes ere low enough to permit
a net gain in performance as a result of pressure-recovery improvement.

The inlet with engine 3 will operaste at the following mass-flow
ratios with no total-pressure losses at the sea-level statlc comdition:

Temperature (m/ms)loo
bstd - 4OO F 0.954
tata 857
tstd + LOO F «T6L

As may be inferred from the tests of reference 1L, inlets of sufficlently
rounded lips will be free of choking under the above conditlioms since for
the case of highest masse-flow ratio (co1a day) & pressure recovery as
high as 0.95 will result in e mass-flow retlo of approximately 0.90.

SUMMARY OF RESULTS

The extent to which the performence of a fixed-area inlet approaches
that potentially avellable with an inlet of constantly varieble size
throughout the Mach mumber range is dependent upon the rate at which the
engine alr flow rises with Mach nmumber and upon the effects of Mach num-
ber on the inlet splllage drag verlation with mess-flow ratlo. In the
present anelyslis, several speciflic normel-shock inlets were studled over
& Mach number range up to 1.5 and a conleal-shock inlet was studied up
to Mach number of 2.0 by using experimentally determined drag and pressure-
recovery data. It was shown that fixed-erea versions of gll the Iniets
considered can operate at nearly optimm performence at teke-~off, climb,
and high-speed high-altitude flight st Mech nmurbers extending st least to
the limits of the analysis when matched with an engine of constant cor-
rected welght flow. With an engine of relatlively low rate of alr-flow
Increase with Mech mmber, epproximetely optimum performsnce also can be
realized with an inlet of low splllsge drag rate at Mach numbers extending

wianliliBus.
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up to at least 1.5 whereas an inlet of high splllage drag rate provides a
somevhat lower performance as a result of operetlion at lowered mass-fliow
ratios. In the case of the latter engine, the mass-flow ratios at Mach
numbers from 1.5 to 2.0 ere so low as to result in great performance
losses and posslble inlet Instabllity for a conical shock inlet; in which
case same form of varliable geometry ls apparently necessary.

Other considerations Indicate that the cholce of inlet design should
favor those of low minimm drag even though there be assoclated e greater
incresse In drag with reduction In mess-flow rabtlos. It was also shown
that the performance of the conical-~shock inlet considered exceeded that
of the normal-shock open-noge inlets at a Mach number between 1.5 and 1.6.

The performance of ilnlets matched with an engine of constant cor-
rected welght flow was shown to be relastively independent of ambient tem-
perature. For the engine of low rate .of alr flow, the effects of anbient
temperature were found to be as importent to the inlet performence as
engine characteristic or inlet design, with the possibllity of inlet
choking at the lower flight speeds on a cold day.

Langley Aeronsutical Leboratory,
Nationel Advisory Committee for Aeronautices,
Langley Field, Va., December 13, 195k4.
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TABLE I.- DESIGNK MASS-FLOW RATTOS AND CORRESPONDING INLET AREAS

1
D
Inlet Engine e;_ign A3, 8q T
mg
I 8/V/6 0.9% 3.04
3 -9l 3.42
v 8/Ve ..ok 3.0k
3 -9k 3.2
Wing root 8/v/e .9l 2.96
3 9k 3.34
Conical shock 8/® .94 3.0L
3 S 3.38
Resized inlet I 8/Ve .90 3.20
Resized wing root inlet 8/v8 .80 3.48
3 B 3.80

Iat design Mg = 0.90.



Iniet T (ref.4) Iniet 3 (ref.4)

f
Al

e Conical-shock inlet{ref. 6)
Wing-root inlet{ref.5)

Flgure l.- Bources of drag data for the inlets considered.
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Flgure 2.~ Assumed net thrust characteristics, full afterburning.
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